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ABSTRACT 

Conditions are given under which optimal variational 

wave functions will satisfy time-dependent hypervirial 

theorems, Hellmann-Feynman theorems, etc. 
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Let *' and 5% be optimal time dependent variation wave 
and H respectively. 

Hx Y functions appropriate to the Hamiltonians 
1 9% and @I thus satisfy the variational equations 

Let us suppose that 

with 1 a small parameter, is a possible variation of 

From (lb) this then implies 

9, . 
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S i m i l a r l y  i f  

wi th  F+ t he  Hermitian conjugates of F , i s  a poss ib l e  v a r i a t i o n  

of % then (2a) implies  

Sub t rac t ing  ( 6 )  from ( 4 )  and us ing  t h e  Hermitian proper ty  

of Hx w e  then have 

or 

or f i n a l l y  
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For HXz H ( 7 )  might wel l  be c a l l e d  a time-dependent (off- 
Y 

d iagonal  i f  9% jk 9% ) h y p e r v i r i a l  theorem while f o r  F = 1, 

( 7 )  becomes the  time-dependent i n t e g r a l  Hellmann-Feynman theorem 

of Hayes and Par r  , though now f o r  opt imal  v a r i a t i o n a l  func t ions .  2 

Now l e t  us  suppose t h a t  

yea 1 
wi th  x a/parameter,  i s  a p o s s i b l e  v a r i a t i o n  of ex . Then 

from ( l a )  we have 

while  from ( l b )  we have 

A l s o  l e t  us suppose t h a t  

i s  a poss ib l e  v a r i a t i o n  of %x so t h a t  from ( l a )  we  have 



c 

c 
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Consider now 

Using (9) and (10) one r e a d i l y  f i n d s  t h a t  t he  l a s t  two terms 

on t h e  r i g h t  hand s i d e  can be w r i t t e n  as 

while  from ( l l ) ,  t h e  l e f t  hand s i d e  of ( 1 2 )  can be w r i t t e n  as  

P u t t i n g  a l l  t h i s  together  then, (12)  can be w r i t t e n  

or 



which i s  the time-dependent d i f ferent ia l  Hellmann-Feynman theorem 

of Hayes and Parr , though now for optimal variational functions. 2 
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